Abstract: The course of the four-component reactions of (2-benzimidazolyl) acetonitrile, carbondisulfide, isothiocyanate, and sulfur and selenium, respectively, is quite different. Whereas in the case of sulfur a tetracyclic [1, 3] thiazolo [4 ,5 :4,5]pyrimido[1,6-a]benzimidazol-2(3H)-thione is formed, a zwitterionic 7-(benzimidazolium-2-yl)- 
Introduction
Nowadays it is well known that selenium is an important trace element for bacteria as well as for animals and human beings [1, 2] , and organoselenium compounds are an important class of biologically active products [3] [4] [5] . For example, the selenoenzyme glutathione peroxidase (GP x ) is an antioxidant, which catalyzes the reduction of harmful peroxides in biological systems [6] [7] [8] [9] [10] . In the last 20 years, a series of organoselenium compounds, e.g., selenaheterocycles, have been described as GP x mimics (cf. ref. [11] [12] [13] [14] [15] ). Nevertheless, the synthesis of selenaheterocycles is much less developed than that of sulfur analogues. One drawback is the use of toxic selenium reagents, which are often difficult to handle, and the low stability of some intermediates and products.
With the aim of using conveniently accessible [16, 17] , relatively stable, and less toxic isoselenocyanates as building blocks (see also ref. [18] ), we have prepared a series of selenium-containing four- [19, 20] , five- [21] [22] [23] [24] [25] [26] , six- [27, 28] , seven- [29] , and eightmembered [30] heterocycles. In some cases, the reactions were carried out analogously to those with isothiocyanates, and the reactivity of the two heterocumulenes was observed to be very similar. On the other hand, heterocyclic selones undergo oxidative dimerization to give diselenides much faster than the corresponding thiones [24, 26] .
authors did not disclose any spectroscopic data for 3, we wanted to verify their results and to extend the reaction to selenium analogues.
Scheme 1

Results and Discussion
With the goal of obtaining crystalline products, which are suitable for X-ray crystalstructure determination, we used 4-bromophenyl isothiocyanate instead of the unsubstituted phenyl isothiocyanate as a reagent. Furthermore, we modified some reaction conditions because we obtained much lower yields than described in ref. [31] . First, 1 was treated with sulfur and triethylamine in DMF at room temperature, whereby the color of the solution changed to deep red. Then, a solution of 4-bromophenyl isothiocyanate in DMF/CH 2 Cl 2 was added slowly, and the mixture was heated to 60 °C. The crude product was recrystallized from DMF/2-propanol yielding shown in Scheme 2: addition of sulfur to the anion of 1 leads to the thiolate A, which reacts with the isothiocyanate to give B. Ring closure by nucleophilic attack of the Natom at the nitrile group gives C, which undergoes a tautomerization to yield 2a.
Scheme 2
Treatment of 2a with carbon disulfide in DMF under reflux led to a crystalline condensation product, for which we propose structure 4 (see refs. [31, 32] ). Following the procedure described in ref. [31] , the product was reacted with methyl iodide in DMF and the final product was recrystallized from DMF/ethanol to give 3a in 50.8%
yield with respect to 2a (Scheme 2). The molecular structure of 3a was established by X-ray crystallography (Figure 1 ), which confirmed the proposed structure of 3 [31] . Figure 2 . ORTEP-Plot [33] of the molecular structure of 6 (arbitrary numbering of the atoms; 50% probability ellipsoids; solvent molecules not shown)
The asymmetric unit in the crystal structure of 6 contains one molecule of each of the Se-heterocycle, water, and DMF. The heterocyclic product is a zwitterion with a terminal sulfide and a protonated benzimidazole residue. The heterocyclic core of 6 can be represented best by a superimposition of the formulae 6A and 6B (for similar structures see ref. [21] and literature cited therein). The lengths of the two Se-S bonds differ by approximately 0.32 Å and the bond lengths within the fused, almost planar, core heterocyclic system indicate a significant delocalization of π-electrons ( Table 1 ).
The maximum deviation of the eight ring atoms of this system from their mean plane Table 1 . Selected bond lengths (Å) and angles (°) for 6.
In the crystal structure of 6, two intramolecular hydrogen bonds link the NH groups, via tautomerization and protonation.
In conclusion, the reactions of 1, aryl isothiocyanate, and carbon disulfide with sulfur and selenium, respectively, showed remarkable differences. Whereas in the case of sulfur, the proposed structure 3 [31] and, therefore, of compound 4 [31, 32] was established unambigously, a different product, i.e. the zwitterion 6, was formed in the 
Starting materials. 4-Bromophenyl isothiocyanate, (2-benzimidazolyl) acetonitrile
(1), carbon disulfide, Se-powder and S-powder were purchased by Fluka AG. 4-Bromophenyl isoselenocyanate was prepared according to ref. [16] .
Synthesis of 3-(4-bromophenyl)-5-(methylsulfanyl)-[1,3]thiazolo[4',5':4,5]-pyrimido[1,6-a][1,3]benzimidazole-2(3H)-thione (3a).
Preparation of 4-amino-5-(1H-1,3-benzimidazol-2-yl)-3-(4-bromophenyl)-1,3-thiazole-2(3H)-thione (2a)
. To a solution of 1 (1.57 g, 10 mmol) and sulfur (0.32 g, 10 mmol) in DMF (3 ml), Et 3 N (1. 
Preparation of 3a.
To a stirred solution of 4 (0.5 g, 1.12 mmol) in DMF (6 ml) at room temperature, methyl iodide (1 ml) was added. After 1 h, the mixture was treated with water (80-100 ml), and the precipitate was recrystallized from Recrystallization from DMF gave crystals suitable for the X-ray crystal-structure determination.
Synthesis of 2-(1H,3H-1,3-benzimidazol-2-yliden)-N-(4-bromophenyl)-2-cyanoselenoacetamide (5).
To a stirred solution of 1 (0.39 g, 1.9 mmol) in absolute DMF, triethylamine (5 equiv.) was added. After 3 min, a solution of 4-bromophenyl isoselenocyanate (0.5 g, 1.9 mmol) in DMF/dichloromethane (1:1, 3 ml), was slowly added and the mixture stirred at room temperature for 1.5 h. The solution was concentrated in vacuo, methanol was added, and a yellow-orange solid was formed.
After filtration, the product was recrystallized from DMF/methanol to give 0. Recrystallization from DMF gave crystals suitable for the X-ray crystal-structure determination.
6. X-ray crystal-structure determination of 3a and 5 (see Table 2 and Figures 1 and 2)*). All measurements were made on a Nonius KappaCCD diffractometer [35] using graphite- and Scalepack [36] . The intensities were corrected for Lorentz and polarization effects, and an absorption correction based on the multi-scan method [37] was applied. Equivalent reflections were merged. Data collection and refinement parameters are given in Table 2 , and views of the molecules are shown in Figs. 1 and   2 . The structures were solved by direct methods using SIR92 [38] , which revealed the positions of all non-H-atoms. The non-H-atoms were refined anisotropically. A correction for secondary extinction was not applied. Neutral atom scattering factors for non-H-atoms were taken from ref. [39] , and the scattering factors for H-atoms were taken from ref. [40] . Anomalous dispersion effects were included in F c [41] ; the values for ƒ' and ƒ" were those of ref. [42] . The values of the mass attenuation coefficients are those of ref. [43] . All calculations were performed using the SHELXL97 [44] program. 
